Louisiana State University

LSU Digital Commons
Faculty Publications

Department of Entomology

4-2-2018

Blue and Black Cloth Targets: Effects of Size, Shape, and Color on
Stable Fly (Diptera: Muscidae) Attraction
Jerome A. Hogsette
USDA Agricultural Research Service, Gainesville

Lane D. Foil
LSU Agricultural Center

Follow this and additional works at: https://digitalcommons.lsu.edu/entomology_pubs

Recommended Citation
Hogsette, J., & Foil, L. (2018). Blue and Black Cloth Targets: Effects of Size, Shape, and Color on Stable Fly
(Diptera: Muscidae) Attraction. Journal of Economic Entomology, 111 (2), 974-979. https://doi.org/
10.1093/jee/toy015

This Article is brought to you for free and open access by the Department of Entomology at LSU Digital Commons.
It has been accepted for inclusion in Faculty Publications by an authorized administrator of LSU Digital Commons.
For more information, please contact ir@lsu.edu.

Veterinary Entomology

Journal of Economic Entomology, 111(2), 2018, 974–979
doi: 10.1093/jee/toy015
Advance Access Publication Date: 17 February 2018
Research Article

Blue and Black Cloth Targets: Effects of Size, Shape, and
Color on Stable Fly (Diptera: Muscidae) Attraction
Jerome A. Hogsette1,3 and Lane D. Foil2
2

Subject Editor: Jeb Owen
Received 25 July 2017; Editorial decision 3 January 2018

Abstract
Stable fly management is challenging because of the fly’s dispersal behavior and its tendency to remain on the host
only while feeding. Optically attractive traps have been used to survey and sometimes reduce adult populations.
Insecticide-treated blue and black cloth targets developed for tsetse fly management in Africa were found to be
attractive to stable flies in the United States, and various evaluations were conducted in Louisiana and Florida.Tests
using untreated targets were designed to answer questions about configuration, size, and color relative to efficacy
and stability in high winds. Studies with electric grid targets and with targets paired with Olson traps showed cloth
target color attraction in the following decreasing order: black > blue-black > blue. A solid black target is easier to
make than a blue-black target because no sewing is involved. Attraction was not affected when flat 1-m2 targets
were formed into cylinders, despite the limited view of the blue and black colors together. There was no reduction
in attraction when the 1-m2 cylindrical targets were compared with smaller (63 × 30 cm high) cylindrical targets. In
addition, there was no difference in attraction between the small blue-black, blue, and black targets. Significance
of findings and implications of potential uses for treated targets are discussed. Target attraction was indicated by
the numbers of stable flies captured on an Olson sticky trap placed 30 cm from the target. Although this system is
adequate for field research, it greatly underestimates the actual numbers of stable flies attracted to treated targets.
Key words: Stomoxys calcitrans, fiberglass cylinders, Olson Sticky traps, pest management, Electric grid

The stable fly, Stomoxys calcitrans (L.) (Diptera: Muscidae), is an
economically important blood-feeding pest (Taylor et al. 2012), feeding primarily but not exclusively on ungulates (Hogsette and Farkas
2000). Cattle, canids, and humans are favorite hosts in the southern United States (Hogsette et al. 1989), and exotics in zoos can be
particularly vulnerable (Ose and Hogsette 2014). Both sexes require
blood to reproduce (Hogsette and Farkas 2000), and their painful
bites (Bishopp 1913) elicit defensive behaviors from hosts (Urech
et al. 2012). Stable fly management has been challenging because of
the fly’s dispersal behavior (Pitzer et al. 2011) and its tendency to
remain on the host only while feeding (Hogsette et al. 1989).
Optically attractive sticky traps have been used to survey adult
stable fly populations and, in some cases, reduce population levels
(Rugg 1982, Machtinger et al. 2016). Conversion of sticky traps into
toxicant devices by the deletion of adhesives and the addition of
pesticides (Meifert et al. 1978, Hogsette and Ruff 1996) were early
examples of attract and kill devices. Although fabricated and used by
some livestock producers, these were never manufactured commercially. Durable targets made from blue and black cotton fabric were
found to be attractive to tsetse flies (Glossina spp.) (Vale 1993) and

stable flies (Mihok et al. 1995) in Africa. Similar targets were found
to be attractive to stable flies in the United States (Foil and Hogsette
2004), and target evaluations and toxicant studies were conducted
in Louisiana and Florida, respectively (Foil and Younger 2006,
Hogsette et al. 2008). We originally used electric grid techniques to
show that up to 769 (x = 350) stable flies landed hourly on 1-m2
blue-black cloth targets (Foil and Younger 2006), and that flies were
not repelled when targets were treated with 0.1% λ-cyhalothrin. We
also showed that stable flies tended to rest on targets for at least 30 s
(Foil and Younger 2006), which was long enough to acquire a lethal
dose of 0.1% λ-cyhalothrin (Hogsette et al. 2008).
Blue-black targets were selected for use in U.S. stable fly control efforts because similar targets are used for area-wide control
strategies for tsetse in Africa (Lindh et al. 2012). Cloth targets were
made by sewing together 0.5 × 1.0 m blue and black cloth panels
along their 1.0-m sides. Panels were oriented so colors were side by
side, and flat targets were displayed vertically between two posts or
on a lightweight frame. Cloth panels were made from Trigger-Royal
Box (65% polyester and 35% cotton) as described by Hogsette
et al. 2008. Because the fabrication of blue-black targets is time
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consuming, we conducted electric grid studies to compare the landing rates on blue, black, and blue-black 1-m2 targets.
Questions arose about the ability of the large, flat targets to withstand strong winds in open areas. Would an alternative target configuration attract as many stable flies as the flat target and must the
targets be 1-m2 to be effective? The following studies were designed
to provide answers to these questions.

Materials and Methods

The Olson Sticky Fly trap (Olson Products, Medina, OH), considered to be an industry standard at the time (Hogsette and Ruff 1990,
Beresford and Sutcliffe 2006), was selected as the control trap. The
trap base is made of a cylinder (30 cm high × 20 cm dia.) of clear corrugated alsynite fiberglass which is mounted on a stake so the lower
edge of the cylinder is 60 to 75 cm above the ground. Clear Olson
Sticky Sleeve wraps (30 × 63 cm long, Olson Products), applied over
the surface of the cylinders to capture attracted insects were secured
top and bottom with paper clips. Individual Olson Sticky fly traps
served as controls when needed.
Cloth targets made by the authors were half blue and half black
unless otherwise stated. When both colors were used together there
was a vertically oriented seam where the blue and black cloths were
sewn together. As detailed in Ose and Hogsette 2014, targets were
made from SEW Classics Bottom weight 65% polyester 35% cotton fabrics; Black fabric = 057 inch, 10238, RN# 35055, 43B–861,
1565–09; Blue (Royal) fabric = 057 inch, 10171, RN# 35055.
Foil and Hogsette (2004) developed a target evaluation system
by placing an untreated cloth target adjacent to an Olson trap. The
trap in this trap-target pair generally captured more stable flies than
a trap by itself, thus indicating the attractive qualities of the target.
In all studies, trap-target pairs placed at a single collection site were
circa 30 cm apart. None of the targets used in this study were treated
with pesticides.

Electric Grids
Electrocution devices (grids) designed for tsetse flies (Vale 1993,
Vale et al. 2015) and modified by Foil and Younger (2006) were
used for cloth target evaluations in Louisiana. Grids consisted of a
series of 0.18-mm diameter stainless steel wires placed 8-mm apart
and strung vertically on the front and back sides of 1-m2 aluminum
frames (two electrified sides). The 1-m2 targets to be evaluated could
be inserted into the frames between the two electrified sides which
intercepted and killed stable flies attracted to the targets (Foil and
Younger 2006). These are referred to as electric grid targets. Flies
killed by electric grids drop to the ground into trays from which they
can be removed and counted.

Louisiana Studies
Louisiana State University studies were conducted at the LSU
AgCenter Reproductive Biology Center, St. Gabriel, LA. In the
first study, electric grid target studies comparing black, blue, and
blue-black 1-m2 targets were conducted on 4 d from 14 March
through 12 April 2011 and on 7 d from 8 February through 26
March 2012 using the methods of Foil and Younger (2006). The
three selected treatment sites were at least 100 m apart, and each
day treatments were rotated through each of the three sites after a
1-h collection (n = 12 or 21, respectively). In a second study, on 12 d
from 14 February to 28 March 2012, a black, blue, and blue-black

target each paired with an Olson trap were placed at three sites at
least 100 m apart. The number of flies collected on the Olson traps
was recorded after a 24-h period. Targets were rotated to the next
treatment site after each trapping period. In a third study from 14
March through 22 April 2010, the numbers of stable flies captured
with an Olson trap paired with one blue-black electric grid target
and one blue-black electric grid target alone were compared during
1-h assays conducted on 6 different days.

Statistical Analysis
The means and log-transformed means were analyzed using one-way
analysis of variance and means for the electric grid target, and cloth
target paired with Olson trap studies were separated with the TukeyKramer’s post hoc test (SAS 2016). For the electric grid target alone
versus the electric grid target plus Olson trap studies, treatments
were compared with a paired t-test followed by a Tukey-Kramer
post hoc test (SAS 2016).

Florida Studies
All studies were conducted at the 24-ha University of Florida Horse
Teaching Unit (HTU) in Gainesville, FL, where a Quarter Horse herd
is pastured. Seasonal stable fly pressure at the HTU is high, and the
unit is only 5 km south of the main campus. At the HTU, Olson traps
with or without targets were placed individually within 30–45 cm of
the electrified paddock fences at consecutively numbered sites 50 m
apart. Sticky wraps were placed around traps about 1000 h and left
in the field for 24 h. At the end of this trapping interval, used wraps
were removed from traps, traps were rotated to the next site, and unused wraps were applied to the traps. Flies captured on wraps were
counted in the laboratory. A complete rotation of traps through all
trap sites constituted one replication.

Studies and Designs
The first study, conducted from 11 March to 30 April 2008, was
to determine whether attraction is altered when targets are formed
into cylinders. A piece of light-weight, plastic-coated nonclimbable
wire pet fence was formed into a cylinder 1.0-m high and 1.0 m
in circumference to accept a 1.0 × 1.0-m high blue-black target.
When the target is displayed in this manner, the blue-black interface is not always visible. Because we had assumed that this was
important for fly attraction, a target was made from two blue and
two black 0.25 × 1.0 m cloth rectangles sewn together in alternating
colors along the 1.0-m sides. When this was attached to a similar
1.0-m high × 1.0-m circumference wire cylinder, a blue-black interface was clearly visible from all sides of the cylinder. Each cylindrical
target was paired with an Olson trap and compared with a 1-m2
flat blue-black target paired with an Olson trap (untreated control).
Treatments were in the field for 21 d, and flies on traps were counted
and treatments rotated at 24-h intervals.
In a second study conducted from 23 April to 5 June 2009, one
objective was to determine if attraction was altered if the cylindrical targets were smaller than 1 m2. Targets slightly larger than
63 × 30 cm high were made to fit around and be supported by the cylindrical Olson trap fiberglass bases which were mounted on stakes
as described previously (Ose and Hogsette 2014). A second objective
was to further elucidate the importance of the blue-black interface
on the targets. To do this, target colors were blue-black, entirely blue,
or entirely black. In this study, the following cylindrical target treatments were devised: one Olson trap paired with one blue-black long
(1 m2) cloth target; one Olson trap paired with one blue-black small
(63 × 30 cm high) cloth target; one Olson trap between one blue and
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Statistical Analysis
Data were subjected to General Linear Model (SAS 2016), in some
cases, after transforming data with log10(n + 1). Although transformed values were used for the analyses, back-transformed values
are shown in text and tables. General model statements were in the
form: Flies captured = treatment site replication. As expected, site
differences were not significant, and replication differences were significant and data are not shown. Means were separated with the
Ryan–Einot–Gabriel–Welsh multiple range test (SAS 2016) and
unless otherwise stated P = 0.05.

Louisiana Studies
There was no difference among all three electric grid target treatments in 2011(F = 1.04; df = 2,33; P = 0.36) (Table 1) or in 2012
(F = 2.09; df = 2,60; P = 0.13) (Table 2). However, in both years, the
black and blue-black targets captured more stable flies, numerically,
than the blue targets.
When three target treatments were each paired with an Olson trap,
the mean number of stable flies captured per day by the traps did not
differ significantly (F = 0.24; df = 2,33; P = 0.787) with target color
Table 3). Although the color of targets did not statistically affect mean
numbers of stable flies captured, Olson traps paired with blue targets
and blue-black targets caught numerically fewer flies per day (x =191.2
Table 1. Mean ± SE of stable flies captured per hour at one blue,
one blue-black, and one black electric grid target deployed once a
week from14 March through 12 April 2011

Black cloth target
Blue-black cloth target
Blue cloth target

211.8 ± 57.4a
220.8 ± 53.1a
130.3 ± 32.4a

Table 2. Mean ± SE and log-transformed mean number of stable
flies captured per hour at one blue, one blue-black, and one black
electric grid that was deployed weekly from 8 February to 26 March
2012

Black cloth target
Blue-black cloth target
Blue cloth target

In the first study, the main effects model was significant (F = 4.95;
df = 24,82; P < 0.0001) for mean numbers of stable flies captured.
However, there were no significant differences between the mean
numbers of stable flies captured by the Olson traps with any treatments except the control (Table 5). The Olson trap paired with the
Table 3. Mean ± SE number of stable flies captured per day at an
Olson sticky trap paired with one black, one blue-black, and one
blue target deployed once a week from 14 February through 28
March 2012
Treatment, n = 12

Mean ± SE
232.9 ± 66.4a
191.3 ± 46.4a
191.2 ± 61.1a

Means in columns followed by the same letter are not significantly different
[P < 0.05; Tukey–Kramer).

Table 4. Mean ± SE number of stable flies captured per day on an
Olson sticky trap paired with one blue-black electric grid target versus one blue-black electric grid target alone from 14 March through
22 April 2010
Treatment, n = 6

Mean ± SE

Grid + alsynite
Grid alone

229.0 ± 99.0a
217.0 ± 87.1a

Means in columns followed by the same letter are not significantly different
[P < 0.05; Tukey–Kramer).

Mean ± SE

Means in columns followed by the same letter are not significantly different
[P < 0.05; Tukey–Kramer).

Treatment, n = 21

Florida Studies

Black cloth target
Blue-black cloth target
Blue cloth target

Results

Treatment, n = 12

and 191.3, respectively) than Olson traps paired with black targets
(x=232.9 flies per day). Black targets increased the catch by 22%.
There was no significant difference (F = 0.01; df =1,10; P = 0.929)
between the mean numbers of stable flies killed by the blue-black
electric grid target and captured on the paired Olson trap and killed
by the solitary blue-black electric grid target (Table 4). With the
blue-black electric grid target and Olson trap combination, 79.4%
of the flies were attracted to the electric grid and just 20.6% were
captured by the Olson trap.

Mean ± SE
122.3 ± 17.4a
124.6 ± 20.2a
80.4 ± 13.1a

Means in columns followed by the same letter are not significantly different
[P < 0.05; Tukey–Kramer).

Table 5. Mean ± SE numbers of stable flies captured by an Olson
sticky fly trap alone, or when an Olson trap is placed within 30 cm
of either a flat or cylindrical blue-black cloth target or a cylindrical
blue-black cloth target with two blue and two black panels
Treatment

n

Mean ± SE

Olson trap + flat blue-black cloth target
Olson trap + cylindrical blue-black cloth
target
Olson trap + cylindrical blue-black cloth target
with 2 blue and 2 black panels
Olson trap without a target (untreated
control)

21
21

195.1 ± 34.4a
176.5 ± 37.9a

21

147.1 ± 29.4a

20

101.9 ± 29.2b

Means in columns followed by the same letter are not significantly different
[P < 0.05; Ryan–Einot–Gabriel–Welsch Multiple Range Test (SAS Institute,
2016)]. Two of the blue-black cloth targets were 1.0 × 1.0 m made from one
blue and one black 0.5 × 1.0 m cloth rectangles sewn together along a 1.0-m
side. The remaining target was made from two blue and two black 0.25 × 1.0
m cloth rectangles sewn together in alternating colors along a 1.0-m side.
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one black long cloth target; one Olson trap between one blue and
one black small cloth target; one Olson trap between two blue-black
small cloth targets; and one blue-black small cloth target between
two Olson traps. Treatments were in the field for 7 d, and flies on
traps were counted and treatments rotated at 24-h intervals.
The objective of the third study conducted from 24 February to
16 March 2012, was designed to further investigate the effect of the
blue-black color combination. The three target treatments consisted
of one small blue-black, entirely blue, or entirely black target, each
paired with an Olson trap. An Olson trap was used as a control.
Treatments were in the field for 7 d, and flies on traps were counted
and treatments rotated at 24-h intervals.
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Table 6. Mean ± SE numbers of stable flies captured by the Olson
sticky fly trap alone and in combination with large or small cylindrical blue, black, or blue and black cloth targets
Treatments (all targets are cylindrical), n = 7

Mean ± SE

2–Olson trap next to one blue-black long
cloth target
3–Olson trap next to one blue-black small
cloth target
4–Olson trap between one blue and one
black long cloth targets
5–Olson trap between one blue and one
black small cloth targets
6–Olson trap between two blue-black small
cloth targets
7R–Olson trap, right side of one blue-black
small cloth targeta
7L–Olson trap, left side of one blue-black
small cloth targeta
1–Olson trap without a target (untreated
control)

29.70 ± 9.26ab
26.77 ± 5.94ab
33.88 ± 11.47ab
27.58 ± 9.47ab
21.30 ± 7.08b

when compared with the Olson trap alone (Table 7). The mean
numbers of stable flies captured by the Olson trap paired with the
blue-black target or the Olson trap paired with the blue or the black
target were not significantly different (Table 7). In fact, the Olson
trap paired with the black target captured numerically more stable
flies than the other two Olson trap/target pairs. As suggested in the
first study and again in the second study, the blue-black color combination is not required for targets to be attractive. Actually, either
color alone will enhance the mean number of stable flies captured by
an adjacent Olson trap.

Discussion
The blue and black cloth target was brought from Africa to the United
States for low-maintenance management of stable flies, particularly
in situations where no management alternatives existed. Evaluations
looked promising (Foil and Younger 2006) and λ-cyhalothrin residuals remained active for 4 mo in the field (Hogsette et al. 2008).
However in the United States, many of the serious stable fly problems
are in the range cattle industry (Broce et al. 2005), much of which is
in the states from Texas north to Nebraska. In many of these states,
daily winds are strong enough to rip traps from their stakes unless
traps are attached to stakes with c-clamps (J.A. Hogsette, unpub.).
Therefore, it might be difficult or impossible to keep flat cloth targets
upright under these conditions. Broce (1988) improved the trap of
Williams (1973) by forming the flat fiberglass in the Williams trap
into a cylinder with no decrease in performance (Hogsette and Ruff
1990). The same is true for the cloth targets. The cylindrical configuration minimizes the wind resistance of the target without significantly reducing the target’s attractive qualities (Table 5). Long
(1.0-m high) cylinders can be placed over light weight posts and
secured with bungee cords. Cylindrical targets have a smaller footprint than the 1-m2 targets and are more portable.
Forming a flat target into a cylinder results in a cylinder that is
half blue and half black with the two colors meeting on opposite
sides. The putative beneficial effect of the two colors together is lost
on 50% of the cylindrical target because only blue or black is visible. This proved to be unimportant because a target composed of
four small blue and black panels did not attract more flies than the
standard blue and black target (Table 5).
Cylindrical target size did not seem to matter because there were
no significant differences in numbers of stable flies captured on
sticky traps adjacent to large or small targets (Table 6). The same is
true for tsetse flies in African studies where smaller targets captured
more flies per unit area than the larger targets (Esterhuizen et al.
2011, Rayaisse et al. 2011, Mramba et al. 2013, Kaba et al. 2014).
Smaller targets are easier to use and more economical to buy and

29.10 ± 4.27ab
25.40 ± 4.32ab
9.04 ± 2.62c

Means in columns followed by the same letter are not significantly different [P < 0.05; Ryan–Einot–Gabriel–Welsch Multiple Range Test (SAS Institute
2016)]. Long cloth targets were 1.0 × 1.0 m and small cloth targets were
slightly larger than 66 × 33.5 cm high so they could be attached to the fiberglass cylinder of an Olson Sticky Fly Trap. Targets were blue, black, or half
blue and half black with a vertical seam where colors were sewn together.
a
Means for treatments 7L and 7R are calculated from the number of stable
flies captured on the Olson trap to the left and the right, respectively, of the
blue-black target. All traps and targets were ≤ 30 cm apart.

Table 7. Mean ± SE numbers of stable flies captured by an Olson
sticky fly trap alone, or when an Olson trap is placed within 30 cm
of a small cylindrical blue-black, blue, or black cloth target
Treatment, n = 8
Olson trap + cylindrical black cloth target
Olson trap + cylindrical blue cloth target
Olson trap + cylindrical blue-black cloth target
Olson trap without a target (untreated control)

Mean ± SE
47.6 ± 13.6a
42.3 ± 11.2a
32.5 ± 5.4a
10.4 ± 3.0b

Means in columns followed by the same letter are not significantly different [P < 0.05; Ryan–Einot–Gabriel–Welsch Multiple Range Test (SAS Institute
2016)]. Small cloth targets were slightly larger than 66 × 33.5 cm high so they
could be attached to the fiberglass cylinder of an Olson Sticky Fly Trap.
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cylindrical target with two blue and two black panels captured
numerically fewer flies than the Olson trap paired with the cylindrical target with one blue and one black panel. Because the four small
panels of alternating colors did not increase the attractiveness of this
target, the design was not used in subsequent studies. Results demonstrated that the cylindrical blue-black target was a good substitute
for the blue-black flat target.
In the second study, the main effects model was significant
(F = 4.23; df = 26,62; P < 0.0001) for mean numbers of stable flies
captured, but most of the significant levels overlapped. The targets
in all treatments significantly enhanced the mean numbers of stable
flies captured on the paired Olson trap when compared with the
Olson trap alone (Table 6). The combination of one blue-black
small cloth target between two Olson traps captured significantly
more stable flies than one Olson trap between two blue-black small
cloth targets (Table 6). Mean numbers of stable flies captured when
the Olson trap was paired with a long blue-black target or a small
blue-black target were not significantly different. The same was true
if the Olson trap was placed between one blue and one black long
or small target. When one blue-black small cloth target was placed
between two Olson traps, mean numbers of flies captured by either
trap were not significantly different. Thus, target size did not significantly affect the mean numbers of flies captured on an adjacent
Olson trap (Table 6). In addition, blue and black cloth on the same
target or blue and black cloth on separate targets did not significantly affect the mean numbers of flies captured on an adjacent
Olson trap (Table 6).
In the third study, the main effects model was significant
(F = 6.65; df = 16,31; P < 0.0003) for mean numbers of stable flies
captured. Again, targets in all treatments significantly enhanced the
mean numbers of stable flies captured on the adjacent Olson trap
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are recommended over the large targets for more cost-effective tsetse
management programs (Esterhuizen et al. 2011). The same benefits
could be expected with small targets for stable fly management programs. Foil (unpub data) captured fewer stable flies with smaller targets, but the smaller targets captured more flies per cm2.
It was interesting to see that two sticky traps on either side of one
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(Kirkeby et al. 2013).
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efficacy. Stable flies tended to prefer the black targets in the Florida
studies but were attracted in similar numbers to black and blue-black
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that solid black targets, which are easier to make than blue-black
targets, can be as effective for stable fly control as blue-black targets.
These results also indicate that a number of alternative configurations to cloth targets can be developed for stable fly management
programs. Targets provide a long-term daily attract-and-kill effect
with little or no maintenance and a focused use of pesticide.
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trap with a cloth target gives a good comparison of target color and
construction relative to the number of flies that are attracted to the
combination. This provides valuable insight for future target development studies since electric grids are not commercially available in
North or South America. However, comparing the 1-h landing rates
for electric grid targets (212 flies/h) (Table 1) with the 24-h capture
rate of cloth targets paired with Olson traps (233 flies/24-h; Table 3)
in studies conducted at the same location and in the same time
period demonstrates that the target/trap method severely underestimates the number of flies that can be controlled using treated targets.

Journal of Economic Entomology, 2018, Vol. 111, No. 2

Journal of Economic Entomology, 2018, Vol. 111, No. 2

Taylor, D. B., R. D. Moon, and D. R. Mark. 2012. Economic impact of stable flies (Diptera: Muscidae) on dairy and beef cattle production. J. Med.
Entomol. 49: 198–209.
Urech, R., R. L. Bright, P. E. Green, G. W. Brown, J. A. Hogsette,
A. G. Skerman, M. M. Elson-Harris, and D. G. Mayer. 2012. Temporal
and spatial trends in adult nuisance fly populations at Australian cattle
feedlots. Aust. J. Entomol. 51: 88–96.
Vale, G. A. 1993. Development of baits for tsetse flies (Diptera: Glossinidae) in
Zimbabwe. J. Med. Entomol. 30: 831–842.
Vale, G. A., J. W. Hargrove, N. A. Cullis, A. Chamisa, and S. J. Torr. 2015. Efficacy
of electrocuting devices to catch tsetse flies (Glossinidae) and other Diptera.
PLoS Negl. Trop. Dis. 9: e0004169. doi:10.1371/journal.pntd.0004169.
Williams, D. F. 1973. Sticky traps for sampling population of Stomoxys
calcitrans. J. Econ. Entomol. 66: 1279–1280.

Downloaded from https://academic.oup.com/jee/article/111/2/974/4868644 by LSU Health Sciences Ctr user on 10 January 2022

Pitzer, J. B., P. E. Kaufman, S. H. Tenbroeck, and J. E. Maruniak. 2011. Host
blood meal identification by multiplex polymerase chain reaction for dispersal evidence of stable flies (Diptera:Muscidae) between livestock facilities. J. Med. Entomol. 48: 53–60.
Rayaisse J. B, J. Esterhuizen, I. Tirados, D. Kaba, E. Salou, A. Diarrassouba,
G. A. Vale, M. J. Lehane, S. J. Torr, and P. Solano. 2011. Towards
an optimal design of target for tsetse control: comparisons of novel
targets for the control of Palpalis group tsetse in West Africa. PLoS
Negl. Trop. Dis. 9: e1332 doi: 10.1371/journal.pntd.0001332 PMID:
21949896.
Rugg, D. 1982. Effectiveness of Williams traps in reducing the numbers of
stable flies (Diptera: Muscidae). J. Econ. Entomol. 75: 857–859.
SAS Institute. 2016. SAS/STAT user’s guide, version 9.4. SAS Institute, Cary,
NC.

979

